The proline biosynthetic genes P5CS1 and P5CS2 play overlapping roles in Arabidopsis flower transition but not in embryo development.
Overexpression of the proline biosynthetic gene P5CS1 results in early flowering in Arabidopsis. However, the p5cs1 loss-of-function mutant exhibits a modest delay in flowering, suggesting that P5CS2, a duplicated P5CS1 gene present in the Arabidopsis, may also play a role in flower transition. In situ mRNA hybridizations and quantitative reverse transcription-polymerase chain reaction (RT-PCR) revealed that P5CS1 and P5CS2 are expressed at similar levels and with the same pattern of expression in vegetative and floral shoot apical meristems as well as in axillary meristems. Arabidopsis lines homozygous for the p5cs1 mutant and simultaneously heterozygous for the p5cs2 mutation showed a stronger late-flowering phenotype than p5cs1 single mutants, confirming that also P5CS2 plays a role in flower transition and supporting the notion of overlapping functions of the two P5CS genes in this developmental process. P5CS1 and P5CS2 have identical messenger RNA (mRNA) distributions also in embryos, but only p5cs2 mutant embryos exhibit alterations of the cellular division planes and consequently stop developing. This suggests a specific role of P5CS2 in embryogenesis and an involvement of proline in cell division. Accordingly, exogenous proline accelerated organ growth and meristem formation, and stimulated expression of the cell cycle-related protein CYCB1;1.